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[57] ABSTRACT

A method and a device for optically ascertaining the mutual
binding of a first and a second reactant are described. Use is
made of the fact that a dipolar layer (7) having a non-linear
optical behavior is formed upon a reaction between the two
reactants. The formation of such a layer is ascertained by
illuminating the substance with radiation (8) having one or
two frequencies, and by detecting whether radiation (10)
from the substance contains a component at a frequency
which is twice the frequency, or a mixed term of the
frequency of the radiation incident on the substance.

8 Claims, 2 Drawing Sheets
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1
METHOD FOR INVESTIGATING NON-
LINEAR OPTICAL BEHAVIOR OF A LAYER
FORMED FROM FIRST AND SECOND
REACTANTS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to a method of ascertaining the
mutual binding of a first reactant and a second reactant,
which method comprises the following steps:

providing a substance comprising the first reactant in a

holder so that the substance is adsorbed at the inner side
of the holder,

adding a solution containing the second reactant to the

holder, and

irradiating the holder with electromagnetic radiation and

detecting whether a parameter of radiation from the
holder has changed with respect to said parameter of
the radiation incident on the holder.

The invention also relates to a device for performing this
method. In known methods, the radiation parameter which
may change is, for example, the color or the state of
polarization.

2. Description of the Related Art

The method is often used as an antibody virus detection
in medical diagnostics for detecting infectious diseases at an
early stage, with the virus being the first reactant and the
antibody being the second reactant. An antibody, or possibly
several antibodies in succession, are added to a substance
containing an unknown virus so as to detect this virus.
Moreover, for example, for developing medicines, a material
which may be a possible antibody for the virus may be added
to a known virus so as to ascertain whether this antibody
reacts with the virus. The biological substance which is
examined by means of the method may be human or animal
tissue, blood or secretion.

Due to the considerable risks which may be involved in
viral infections, which may occur, for example during preg-
nancy or birth, virus-antibody tests are nowadays performed
in large numbers.

Therefore, there is a need for inexpensive and rapid virus
detection methods, all the more because after a test with a
first antibody and after it has been found that the virus does
not react to this antibody, a second test and possibly subse-
quent tests, each time with a different antibody, must be
performed.

For detecting the presence of a virus, the method
described in the opening paragraph is generally used in
which, after addition to the substance of the solution with
antibody to which Rhodamine 6G molecules are bound, an
incubation time is observed in which the virus can react with
the antibody.

Subsequently, the holder with the substance and the
antibody is washed several times, for example four times, so
that all antibodies which have not reacted with the substance
are removed. Subsequently, it is ascertained by means of
irradiation with light, whether there are still fluorescent
Rhodamine 6G molecules present, hence whether there is
still antibody. This antibody is then bound to the substance,
in other words, it has reacted with a virus. If no fluorescence
is observed, the substance does not contain a virus matching
the antibody.

A great drawback of this method is that the washing
operation must be performed frequently, which is time-
consuming and involves a waste of antibodies so that the
method cannot be performed in situ. Moreover, the detection
method is not very reliable.
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To be able to detect in situ and to avoid the washing steps,
alternative methods have been proposed which are based on
optical techniques such as the detection of the quantity of
light reflected by the substance, or of the change of the state
of polarization of the light coming from the substance
(ellipsometry) or of a technique known as the Fourier-
transformed infrared (FTIR) technique.

PCT Patent Application No. 94/03774 describes a number
of these techniques for detecting, inter alia, viruses which to
this end are contacted with a thin layer in which antibodies
are present and, if they react with an antibody, cause a
change of an optical property such as the reflection
coefficient, the polarization selectivity or the color selectiv-
ity.

For a reliable virus detection, only radiation from the
surface of the antibody which is in contact with the sub-
stance to be examined should be detected. However, in the
above-mentioned in situ detection methods, radiation from
the holder may reach the detector, which radiation does not
originate from this surface, hence of Rhodamine 6G mol-
ecules which are bound to antibody which has not reacted
with the virus. Since no distinction can be made between
Rhodamine 6G molecules which are bound to an antibody
which has reacted with a virus and molecules which are
bound to antibody but has not reacted with a virus, said in
situ methods are not very reliable either.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method
of ascertaining the mutual binding of a first and a second
reactant for providing, inter alia, virus detection which is
simple, inexpensive and reliable. This method is character-
ized in that it is detected whether a layer having a non-linear
optical behavior is formed at the interface between the first
reactant and the second reactant.

This method provides the possibility of direct detection in
situ, inter alia, whether a virus has reacted with an antibody.
Then, a polar ordered molecular layer is produced at the
interface between the substance and the antibody, which
layer exhibits a non-linear optical behavior. As a result, a
radiation component having a frequency which essentially
differs from that of the radiation with which the surface of
the holder is irradiated is produced when irradiating the
holder surface on which the substance to be examined has
deposited. If the substance does not contain any virus which
reacts with the antibody, there is no formation of a polar
ordered layer and no wavelength change. Due to the selec-
tive detection of radiation at a given frequency which has a
given relation with that of the radiation with which the
holder is irradiated, it is only ascertained that the dipolar
layer has been formed or not formed, while possible radia-
tion coming from antibody parts which have not reacted
with a virus does not influence the detection. Consequently,
the detection method according to the invention is very
reliable.

There are different possibilities of ascertaining the for-
mation of said dipolar layer.

A first principal embodiment of the method according to
the invention is further characterized in that an incubation
period is observed after the solution has been introduced into
the holder, in which period the reactants can react with each
other, whereafter it is ascertained whether said dipolar layer
has been formed.

A second principal embodiment of the method according
to the invention is alternatively characterized in that the
detection is started immediately after the solution has been
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introduced into the holder, and in that it is ascertained
whether and at which rate said dipolar layer is formed.

In the latter embodiment, use is made of the fact that also
the rate at which a reaction between an antibody and a virus
takes place, hence the rate at which a dipolar layer is formed,
is characteristic of the kind of virus or of the kind of
antibody, so that this kind can be determined by measuring
the increase as a function of time of the radiation intensity
incident on the detector.

The two principal embodiments may be further charac-
terized in that the holder is irradiated with monochromatic
radiation having a first frequency, and in that it is detected
whether radiation from the substance has a frequency which
is twice the first frequency. Use is then made of the second
harmonic effect of the non-linear dipolar layer; that is, this
layer doubles the frequency of radiation incident thereon and
converts, for example, red light into blue light.

Alternatively, the two principal embodiments may be
further characterized in that the holder is irradiated with two
radiation components having a first and a second frequency,
respectively, and in that it is detected whether radiation from
the substrate has a frequency which is a mixed term of the
first and the second frequency.

The mixed term may be the sum of the first and the second
frequency, but also the difference between these frequencies.

To promote the formation of the dipolar layer and hence
enhance the frequency conversion, the method according to
the invention may be further characterized in that use is
made of a reactant which is labeled with molecules which
can be satisfactorily polarized non-linearly.

This material is, for example the dye Rhodamine 6G.
Instead of Rhodamine 6G molecules, molecules of, for
example Hemicyanine or Coumarine may alternatively be
bound to the solution. Generally, dyes used in dye lasers may
be used for this purpose.

It is to be noted that said PCT Patent Application No.
94/03774 describes methods in which use is made of a color
change in the radiation coming from the substance to be
examined. However, this color change is understood to mean
that the radiation coming from the substance has a different
combination of wavelengths or a different intensity distri-
bution of the different wavelengths than the radiation inci-
dent on the substance. No use is made of a doubling of a
single frequency or of sum and difference frequency gen-
eration.

The embodiment of the method according to the
invention, in which frequency doubling is used, may be
further characterized in that the presence of radiation having
half a wavelength is ascertained visually. Use is made of the
fact that the color change occurring upon generating the
second harmonic is so large that it can easily be ascertained
by the human eye. Then it is sufficient to use a simple device
consisting of a monochromatic radiation source and a sup-
port for the substance holder.

In accordance with a further aspect of the invention, a
novel device is used for performing the method, which
device comprises:

a radiation source for supplying a radiation beam having

at least one discrete frequency,

a support for a holder to accommodate a first and a second
reactant,

a detection system for detecting radiation from the holder,
which device is characterized in that the detection
system is adapted to detect only radiation having a
frequency which differs essentially from said at least
one discrete frequency.
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A detection which is more sensitive than the visual
detection is possible when using this opto-electronic device.
When using a laser as a radiation source, the detection by
means of the device is safer than the visual detection.

To enhance the sensitivity of the detection device, it may
be further characterized in that a lens system is arranged
between the support and the radiation-sensitive detection
system. A larger part of radiation coming from the substance
can be focused on the detection system by means of such a
lens system.

To ensure that the detection system reacts only to radia-
tion having a changed frequency, the device may be further
characterized in that this system comprises successively a
filter which passes only radiation of the changed frequency,
and a radiation-sensitive element which converts this radia-
tion into an electric signal.

Alternatively, the detection device may be characterized
in that the detection system comprises a radiation-sensitive
element which converts radiation into an electric signal, and
is preceded by a luminescent element which converts the
radiation having the changed frequency and coming from
the substrate into radiation having a frequency to which said
radiation-sensitive element is sensitive.

The detection device may have a compact design if it is
further characterized in that the radiation source is consti-
tuted by a diode laser.

The detection device is further preferably characterized in
that the radiation-sensitive element is constituted by a pho-
todiode.

The use of a photodiode enhances the possibility of giving
the device a compact design.

A practical embodiment of the detection device is char-
acterized in that the radiation source and the detection
system are arranged in one housing having a wall facing the
radiation source and the detection system, while at least a
part of said wall is transparent to radiation having said
wavelengths, which wall serves as a support for the holder.

These and other aspects of the invention will be apparent
from and elucidated with reference to the embodiments
described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawing:

FIGS. 1a, 1b and 1c illustrate diagrammatically the
method according to the invention,

FIG. 2 shows a first embodiment of the device,

FIG. 3 shows the variation of the detector signal in such
a device as a function of time, and

FIG. 4 shows a second embodiment of the device.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As is shown in FIG. 1a, a, for example biological sub-
stance 2 containing an unknown virus whose identity is to be
ascertained, or containing a known virus by means of which
possible antibodies are to be examined, is provided on a
cover glass or in a shallow holder 1. This substance adheres
to the inner wall of the holder or on the surface of the cover
glass. An antibody 3 is added to this substance from a drop
glass or tube 4 or by means of a Q-tip or spatula.
Subsequently, the antibody is given the opportunity for a
shorter or longer time, the incubation period, to react with
the virus in the biological substrate, 6 in FIG. 1b. As is
shown in FIG. 1c, the substance 6 is thereafter provided in
the path of a radiation beam 8 originating from a radiation
source which supplies, for example, monochromatic radia-
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tion at a first frequency, for example in the red or infrared
wavelength range. The radiation 10 reflected by the sub-
stance is received by a detection system 15 which converts
only radiation having a frequency of twice that of the
radiation beam 8 into an electric signal Se. This signal can
be converted into a visual indication, for example by causing
a lamp to light up, or into an audio indication, for example
a buzzer or ringing signal, or into another indication, for
example the deflection of a pointer.

This method is based on the recognition, which has
hitherto not been used in medical diagnostics and in immu-
nology tests, that upon reaction of a virus with an antibody,
its molecules form a dipolar layer 7. This layer has a
non-linear optical behavior which becomes manifest in the
generation of radiation at a frequency which differs essen-
tially from the frequency of the radiation source. If radiation
having a first frequency is incident on this layer, it is partly
converted into radiation having a second frequency which is
twice the first frequency. For example, upon a radiation with
red light, this layer will bring about blue light.

The formation of said dipolar layer may also be detected
by radiation with two components having a first frequency
2, and a second frequency £2,, respectively. The dipolar
layer converts a part of the radiation having these compo-
nents into radiation having a third frequency Q5 which is
equal to the difference between the first and the second
frequency, and into radiation having a fourth frequency €2,
which is the sum of the first and the second frequency.
Whether use is made of the double frequency or of the third
or fourth frequency during detection depends on the avail-
ability of radiation sources and detectors. In current practice,
a good combination for detection of the double frequency is
a combination of an optical communication diode laser with
a wavelength of 1300 nm or 1500 nm and a photomultiplier
tube or a photodiode which are specially sensitive in the
visible range. It is to be noted that frequency doubling by a
layer having a non-linear optical effect is a special case of
generating a difference frequency. If there is no reaction
between an antibody and a virus, no linear optical layer is
formed and there is no frequency doubling or frequency
summing or subtraction.

The novel method is surface-selective, that is to say, only
the phenomena occurring at the interface between the
reactants, such as an antibody and the substance with the
virus, are detected, and is insensitive to phenomena which
occur in the holder space outside the substance. Moreover,
the novel method may be performed rapidly, in situ and with
a small number of ancillary means.

Instead of detection in reflection, as shown in FIG. 1c, it
is also possible to detect in transmission. The radiation
source is then arranged at one side of the substance and the
detector is arranged at the opposite side. The advantage of
detection in reflection is that the radiation to be detected
passes a smooth surface, i.e. the surface of the holder or
cover glass, twice, so that there is a small risk of dispersion.

To enhance the detection sensitivity, use is made of a
second reactant, such as an antibody, to which, for example
Rhodamine 6G molecules are bound. Upon reaction of the
antibody with the virus, these molecules will also form part
of the intermediate layer. Since they can be satisfactorily
polarized non-linearly, they enhance the extent of non-
linearity of this layer so that the frequency-doubling or
frequency-mixing effect, and hence the detector signal, is
increased. Instead of Rhodamine 6G, other substances
exhibiting the same effect and known as dyes may be used.
Specially suitable for this purpose are the dyes used in dye
lasers such as Hemicyanine or Coumarine.
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The device for performing the novel method has a simple
structure, as in FIG. 2, showing a first embodiment of such
a device. In this Figure, the reference numeral 9 denotes a
radiation source, preferably in the form of a diode laser
transmitting a beam of monochromatic radiation having a
wavelength of, for example, 860 nm to a transparent holder
1 which contains the substance to be examined. The detec-
tion system 15 for converting the radiation reflected by the
substance into an electric signal consists of an optical filter
20 which passes, for example radiation having a wavelength
of 430 nm, and a photodiode 21. The diode laser 9 and the
detection system 15 are arranged in a housing 25 having an
upper face 26, a part 27 of which is transparent to radiation
having a wavelength of 860 nm and to radiation having a
wavelength of 430 nm. The rest of the upper face, the lower
face and the side faces of the housing are opaque to both
types of radiation. The holder 1 containing the substance 6
may be covered with a reversible opaque flap 30, so that
radiation passing through the holder and the substrate cannot
emerge. The inner side of the flap is preferably provided
with an absorbing coating 31.

If the photodiode 21 receives radiation, it supplies a signal
Se which, possibly after further processing, for example
amplification in an electronic control circuit 30, can be used
for causing a LED 31 arranged in the surface 28 of the
housing 25 to light up. Instead of a LED or another light-
emitting element, the signal Se may also activate a buzzer or
bell (32, FIG. 4) so that the presence of the given virus in the
substance is indicated by a sound signal. Other, known
signaling methods may of course be used alternatively.

Instead of a photodiode, another detector such as a
photosensitive tube, for example a photomultiplier tube,
may be used. The diode laser and the photodiode have the
advantage that they are small and inexpensive so that the
novel device can be implemented in a compact and inex-
pensive way.

In the device of FIG. 2, use is made of the frequency-
doubling, or wavelength-halving effect, of the dipolar layer
formed upon a reaction of a virus with an antibody. If the
holder is irradiated at two different wavelengths, for
example from two diode lasers irradiating the same part of
the substrate, use may be made of the frequency-summing or
frequency-subtracting effect of the dipolar, non-linear opti-
cal layer. The filter 20 should then be implemented in such
a way that it only passes radiation at the sum frequency or
the difference frequency.

Instead of detecting whether a dipolar layer has formed
after an incubation period has finished, the rate of formation
of such a layer may also be detected. Assuming that a
specific rate of formation is associated with each combina-
tion of a virus and an antibody, the identity of the virus or
the antibody can be determined. FIG. 3 shows, by way of
example, the variation of the detector signal Se as a function
of time t in arbitrary units for a combination of a given virus
and a given antibody which react with each other. The time
dependence of this signal can be determined in the electronic
circuit 30 and in known manner. This value can be compared
with a reference value table stored in a memory of the
electronic circuit, from which values the identity of the virus
or the antibody can be established.

FIG. 4 shows a second embodiment of the device which
differs from that of FIG. 2 in that the optical filter is replaced
by a luminescent plate 40. This plate contains molecules
which are brought to a higher state of energy by the radiation
10 and, upon decay to a lower state of energy, emit radiation
at a different wavelength. Such a plate can be used if a
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photodiode, or another detector, is to be used which is less
sensitive or insensitive to radiation reflected by the substrate
and whose frequency is changed by a non-linear optical
layer.

As is shown in FIG. 4, the device may accommodate a
lens system 45 for concentrating a maximal quantity of the
reflected radiation on the photodiode, if the substance sur-
face to be examined reflects diffusely. This lens system may
of course also be arranged in the device shown in FIG. 2.

Since the color difference between, for example, the red
radiation incident on the substance 6 and, for example, the
blue radiation reflected when a virus has reacted with an
antibody, is so large, this difference may also be directly
observed by the human eye, so that the detection system
shown in FIGS. 2 and 4 does not need to be used, if use is
made of the frequency-doubling effect of a non-linear opti-
cal layer. It should then be ensured that the observer cannot
look directly into the laser radiation.

We claim:

1. A method of ascertaining the presence or absence of
binding of a first reactant and a second reactant, wherein
upon binding the first and the second reactant form a dipolar
layer having a non-linear optical behavior at an interface
between the mutually bound first reactant and the second,
the method comprising:

providing a substance comprising the first reactant in a

holder so that the substance is absorbed at the inner side
of the holder,

introducing a solution comprising the second reactant into

the holder,

irradiating the holder with radiation,

detecting whether a parameter of radiation from the

holder has changed with respect to said parameter of
the radiation incident on the holder, said parameter
responsive to the presence or absence in the holder of
a dipolar layer having non-linear optical behavior, and
determining the presence or absence of binding of the first
reactant and the second reactant when said detecting
indicates the presence or absence, respectively, of an
optically non-linear dipolar layer in the holder.

2. A method as claimed in claim 1, further comprising,
after said introducing and before said detecting, observing
an incubation period in which the reactants can react with
each other.
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3. Amethod as claimed in claim 1, wherein the detecting
is started immediately after said introducing, and further
comprises determining at which rate said dipolar layer is
formed.

4. A method as claimed in claim 1, wherein the radiation
irradiating the holder has frequency components at a first
and a second frequency, respectively, and wherein said
detecting detects whether radiation from the holder has a
frequency component which is a mixed term of the first and
the second frequency.

5. A method as claimed in claim 1, wherein said first or
said second reactant is labeled with molecules which can be
satisfactorily polarized non-linearly.

6. A method as claimed in claim 1, wherein the radiation
irradiating the holder is monochromatic radiation having a
first discrete frequency, and wherein said detecting detects
whether the radiation from the holder has a frequency which
is twice the first frequency.

7. Amethod as claimed in claim 6, wherein said detecting
comprises observing visually radiation from the holder.

8. A method of ascertaining the presence or absence of a
first reactant and/or a second reactant, wherein the first and
the second reactant mutually bind to each other and upon
binding form a dipolar layer having a non-linear optical
behavior at an interface between the mutually bound first
reactant and the second, the method comprising:

providing a substance that is absorbed at the inner side of

the holder,

introducing a solution into the holder,
irradiating the holder with radiation,

detecting whether a parameter of radiation from the
holder has changed with respect to said parameter of
the radiation incident on the holder, said parameter
responsive to the presence or absence in the holder of
a dipolar layer having non-linear optical behavior, and
determining the presence or absence of the first reactant in
the substance and the second reactant in the solution
when said detecting indicates the presence or absence,

respectively, of an optically non-linear dipolar layer in
the holder.



